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H I G H L I G H T S
• Lactones as promising alternatives
to control A. aegypti dissemination
by killing L4 instar Larvae.
• 6-(Allyloxymethyl)-5,6-dihydro-
2H-pyran-2-one (5b) exhibited a
strong deterrent oviposition
activity.
• 6-(but-3-enyl)-5,6-Dihydro-2H-
pyran-2-one (5a) is a potent
larvicidal against Aedes aegypti
larvae.
• Larvicidal mechanism of lactone 5a
may involve the disruption of
trypsin-like activity at larval gut.
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A B S T R A C T
Lactones are organic cyclic esters that have been described as larvicides against Aedes aegypti and as com-
ponents of oviposition pheromone of Culex quinquefasciatus. This work describes the effect of six α,β-
unsaturated lactones (5a–5f) on survival of A. aegypti fourth instar larvae (L4). It is also reported the effects
of the lactones on L4 gut trypsin activity and oviposition behavior of A. aegypti females. Five lactones were
able to kill L4 being the lactones 5a (LC50 of 39.05 ppm), 5e (LC50 of 36.30 ppm) and 5f (LC50 of 40.46 ppm)
themost promising larvicides. Only the lactone 5a inhibited L4 gut trypsin activity, with an IC50 of 115.15 μg/
mL. Lactones 5a, 5c, 5d and 5e did not exert deterrent or stimulatory effects on oviposition, whereas lactone
5b exhibited a strong deterrent oviposition activity. In conclusion, this work introduces new α,β-
unsaturated lactones as promising alternatives to control A. aegypti dissemination. The larvicidal mechanism
of the lactone 5a can involve the disruption of proteolysis at larval gut.
© 2015 Elsevier Inc. All rights reserved.
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1. Introduction
Dengue, yellowand chikungunya fevers are tropical infections trans-
mitted by the bite of infected Aedes aegypti females (Dupont-Rouzeyrol
et al., 2012; World Health Organization, 2012). In spite of the public
awareness campaigns, the control of mosquito populations is themain
approach to prevent the spreading of these diseases (Rose, 2001; Suaya
et al., 2007). In this sense, synthetic insecticides have beenwidely used
as larvicidal agents. However, the indiscriminate use of them has led
to emergence of resistantmosquito populations (Braga andValle, 2007;
Lima et al., 2003; Tikar et al., 2009).
Recently, natural products such as plant extracts, essential oils,
lectins and trypsin inhibitor have been studied as larvicidal agents
against A. aegypti (Agra-Neto et al., 2014; Bianco et al., 2013;
Chandrashekhar et al., 2011; Napoleão et al., 2012; Navarro et al.,
2014; Pontual et al., 2014; Santos et al., 2012). Lactones, organic cyclic
esters, have been also investigated as mosquito larvicides. Two lac-
tones isolated fromHortonia species were able to kill A. aegypti larvae
(Ratnayake et al., 2001) and a dehydrocostus lactone isolated from
Saussurea lappa essential oil showed strong larvicidal activity (LC50:
2.34 μg/mL) against Aedes albopictus (Liu et al., 2012). Some lac-
tones have been reported as oviposition attractants such as the
erythro-6-acetoxy-5-hexadecanolide, which is the major compo-
nent of oviposition pheromone released in egg droplets of Culex
quinquefasciatus (Laurence and Pickett, 1985; Laurence et al., 1985).
It has been well reported that compounds that contain an α,β-
unsaturated δ-lactone unit, often present in plants and marine
organisms, show different structural complexities and a broad range
of biological activities (Abe, 1937; Amemiya et al., 1994; Hlubucek
and Robertson, 1967; Tunac et al., 1983). For example, (+)-
Goniothalamin (isolated from Goniothalamus species) induced
apoptosis in tumor cell lines (de Fatima et al., 2006) and was re-
ported to be toxic to A. aegypti larvae (Goh et al., 1995).
It is known from the literature that the α,β-unsaturated δ-lactone
unit is the “core” functional group required for biological activi-
ties of (+)-Goniothalamin (de Fatima et al., 2006) and other natural
products (Bonazzi et al., 2010; Buck et al., 2003). However, in some
cases the in vivo activity of these compounds is limited due to their
toxicity. This problem can be circumvented by the use of less toxic
synthetic analogs with increased therapeutic properties (Mutka et al.,
2009) or by their use in combination therapies (Aloisi et al., 2006;
Kancha et al., 2008).
Recently, ﬁve α,β-unsaturated δ-lactones (Fig. 1) were synthe-
sized and investigated for the in vitro antitumor and anti-
inﬂammatory activities with moderate toxicity (Barros et al., 2014;
Freitas et al., 2012).
In the present work, we determined the effect of these ﬁve lac-
tones (here named 5a–e) and a newmolecule (lactone 5f) on survival
of A. aegypti fourth instar larvae (L4). Additionally, it was investi-
gated the effects of the lactones on trypsin activity from L4 gut and
oviposition behavior of A. aegypti females.
2. Materials and methods
2.1. Synthesis of the α,β-unsaturated lactones
Reagents and solvents used were previously puriﬁed and dried
in agreement with the literature (Perrin et al., 1980). All the com-
mercially available reagents and solvents were used as received.
Reactionsweremonitored by thin-layer chromatography on 0.25mm
E. Merck silica gel 60 plates (F254) using UV light, vanillin and
p-anisaldehyde as visualizing agents.
The procedures used for synthesis of the lactones 6-(but-3-
enyl)-5,6-dihydro-2H-pyran-2-one (5a), 6-(allyloxymethyl)-5,6-
dihydro-2H-pyran-2-one (5b), 6-ethyl-5,6-dihydro-2H-pyran-2-
one (5c), 6-(phenoxymethyl)-5,6-dihydro-2H-pyran-2-one (5d),
6-phenyl-5,6-dihydro-2H-pyran-2-one (5e), and 5-phenyl-5,6-
dihydro-2H-pyran-2-one (5f) are described by Barros et al. (2014)
and by Oliveira et al. (2011). The physical and spectroscopic data
are in agreement with those reported in the literature, the purity
of all compounds was ≥95%, and the yields obtained were 68%, 77%,
73%, 62%, 53% and 67%, respectively.
2.2. Larvicidal bioassays
A population of A. aegypti (Rockefeller strain) is maintained in
Laboratório de Ecologia Química from Universidade Federal de Per-
nambuco at 28 ± 1 °C and 70 ± 5% relative humidity under a
photoperiod of 14L:10D. Eggs were hatched by submersion in dis-
tilled water containing autoclaved cat food (Whiskas®) and larvae
were reared in plastic bowls. After reaching the fourth instar (L4),
the larvae were separated for use in larvicidal bioassays, which were
performed using the method recommended by the World Health
Organization (1981) withmodiﬁcations (Autran et al., 2009; Navarro
et al., 2003).
Stock solutions (100 ppm) were prepared by diluting 0.005 g of
α,β-unsaturated lactones (5a, 5b, 5c, 5e or 5f) in 0.7 mL of di-
methyl sulfoxide (DMSO) and completing to a volume of 50mLwith
distilled water. Next, early L4 were added to beakers (20 larvae per
beaker) containing lactone solutions (20 mL) at concentrations
ranging from 33 to 100 ppm. Four replicates were carried out. Neg-
ative controls were performed using distilled water containing the
same amount of DMSO present in respective test sample. The mor-
tality rate of larvae was determined after 48 h incubation. Larvae
were considered dead when they did not respond to stimuli or did
not rise to the solution surface. Lethal concentration values (LC50;
deﬁned as the concentration of compound required to kill 50% of
larvae within 48 h) were calculated using probit analysis (StatPlus®
2006, AnalystSoft, Canada) with a reliability interval of 95%. A stock
aqueous solution containing 1 ppm of temephos (positive control)
was used to prepare solutions in the concentration range 0.0036–
0.0038 ppm in order to determine the LC50.
2.3. Effect of lactones on trypsin activity from L4 gut extract
The assay was performed according to Pontual et al. (2012).
Groups of 50 live L4 were immobilized by incubation (10 min) at
4 °C and their guts were removed with the aid of a needle and ste-
reomicroscope. An extract was obtained by homogenization of L4
guts with 1mL of 0.1M Tris–HCl pH 8.0 containing 0.15MNaCl. After
centrifugation (9000 × g, 4 °C, 15min), the L4 gut extract (15 μL; 5 μg
of protein) was incubated (15min) with the lactone (10–120 μg, cor-
responding to 50–600 μg/mL) to allow its possible interaction with
trypsin-like enzymes from L4 gut. Next, the synthetic substrateFig. 1. Structure of the α,β-unsaturated lactones (5a–f) studied in this work.
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N-benzoyl-DLarginyl-ρ-nitroanilide (BApNA) was added (5 μL) and
the experiments were incubated for 30 min at 37 °C. The sub-
strate hydrolysis was followed by measurement of absorbance at
405 nm and the inhibitory activity of lactone was determined by
remaining trypsin activity toward BApNA in comparisonwith control
without lactone (100% trypsin activity). The concentration that in-
hibits 50% of larval trypsin activity (IC50) was calculated. The well-
known trypsin inhibitor phenylmethylsulfonyl ﬂuoride (PMSF; 1mM)
was used as positive control. In addition, the effect of temephos (10–
120 μg, corresponding to 50–600 μg/mL) on gut trypsin activity was
determined.
2.4. Oviposition bioassay
The effect of lactones on oviposition behavior of A. aegypti gravid
females was investigated using the procedure reported by Navarro
et al. (2003). Test solutions were prepared by dissolving the lac-
tones in DMSO (1.5 mL) and adding the amount of distilled water
required to reach a ﬁnal volume of 200mL. The concentrations tested
for each lactone corresponded to LC50 values determined by the lar-
vicidal tests: 5a 40 ppm, 5b 90 ppm, 5d 45 ppm, 5e 36 ppm and 5f
40 ppm. For lactone 5c, which did not exhibit larvicidal activity, a
concentration of 90 ppmwas chosen for the oviposition tests. Control
solutions were prepared in a similar manner without addition of
lactone. Ten gravid A. aegypti females were placed in a bioassay cage
(33 × 21 × 30 cm) together with two 10-cm diameter disposable cups
(one containing 25mL of test solution and the other 25mL of control
solution) located at diagonally opposite corners of the cage. A piece
of ﬁlter paper was placed on each cup to provide a support for eggs
deposition. The cages were maintained in the dark at 28 ± 1 °C and
70 ± 5% relative humidity for 16 h. Next, the oviposition response
was determined by counting the number of eggs laid on each vessel.
Each assay was replicated eight times. The data were analyzed using
Student’s t-test at signiﬁcance level of p < 0.05.
3. Results and discussion
The larvicidal assay revealed that synthesized α,β-unsaturated
lactones 5a, 5b, 5d, 5e and 5f were able to kill L4 (Table 1) and only
the 5c was inactive. According to Cheng et al. (2003), essential oils
or plant extracts should be considered effective larvicidal agents if
they show LC50 values lower than 100 ppm and highly active when
their LC50 are lower than 50 ppm. In this sense, our data revealed
that 5a, 5d, 5e and 5f can be considered highly active larvicides.
The temephos was used as positive control and showed a LC50 of
0.0037 ± 0.0001 ppm.
The compound 5c, which was not toxic to L4, has an aliphatic
chain substitute in α-carbon to lactone oxygen. On the other hand,
lactone 5a, which has an aliphatic side chain with one double bound,
exhibited good larvicidal activity (LC50: 39.05 ppm) and the inser-
tion of an electron-withdrawing atom in the aliphatic side chain in
lactone 5b may be the reason for the LC50 value much higher than
those determined for the other lactones. Together these data suggest
that variations in the side chain may affect positively or negative-
ly the larvicidal activity of α,β-unsaturated lactones.
When an aromatic ring was present as the side chain (lactones
5d, 5e, and 5f) good larvicidal activities were observed, with com-
pound 5e exhibiting the lowest LC50 among all tested lactones. The
α,β-unsaturated γ-lactone 5f showed a similar LC50 value when com-
pared to the α,β-unsaturated δ-lactones 5e and 5a. Among the
lactones with aromatic ring in the side chain, the less effective was
5d, with electron-withdrawing atom in side chain.
Extracts and compounds with larvicidal activity against A. aegypti
have been reported to disrupt the activity of larval digestive enzymes
and it is well known that larvae of A. aegypti produce trypsin-like
enzymes which are essential for digestive process and thus nutri-
tion and development (Agra-Neto et al., 2014; Kunz, 1978; Napoleão
et al., 2012; Pontual et al., 2012, 2014). The lactone 5a was able to
inhibit L4 gut trypsin (Fig. 2) while the others did not reduce the
catalytic property of the enzyme. The IC50 for lactone 5a was
115.15 μg/mL. As expected, PMSF (positive control) strongly inhib-
ited trypsin activity, with an IC50 of 0.51 μM. The temephos did not
inhibit the L4 gut trypsin activity at any tested concentration.
The aromatic ring in the side chain can contribute for the inef-
fectiveness of lactones 5d–f in inhibiting larval trypsin. Then the
results indicate that trypsin inhibition may be linked only to the
larvicidal activity of lactone 5a. The inhibition of larval trypsin-
like enzymesmay lead to development damage, starvation, and death
(Paiva et al., 2013). To our knowledge, this is the ﬁrst report of the
effect of a lactone on L4 gut trypsin, which can be involved in the
larvicidal effect detected herein. Other lactones were reported to
be able to inhibit serine proteases, such as human neutrophil elas-
tase, through covalent and non-covalent interactions (Copp et al.,
1987; Siedle et al., 2002). The results suggest a mechanism of action
for the lactone 5a distinct from that of temephos.
Gravid A. aegypti females are mainly guided by visual, olfactory
and chemical cues for laying eggs in a potential oviposition site
(Baak-Baak et al., 2013). Oviposition tests with the lactones 5a, 5c,
5d and 5e showed that there was no signiﬁcant difference (p > 0.05)
between the number of eggs laid in control and test cups (Fig. 3).
The lack of a deterrent effect by the lactones is important factor for
its potential use as larvicide, since the female mosquitoes will not
avoid laying the eggs in breeding sites containing the lactones. The
lactone 5a shows a straight hydrocarbon chain linked to α-carbon
Table 1
Larvicidal activity of α,β-unsaturated δ-lactones (5a–e) and α,β-unsaturated γ-lactone
(5f) against fourth instar larvae of Aedes aegypti.
Lactone LC50 (ppm) SD
5a 39.05 0.91
5b 89.24 1.03
5c NA –
5d 44.48 0.44
5e 36.30 0.89
5f 40.46 1.21
Temephos 0.0037 0.0001
NA: no activity.
Fig. 2. Inhibition of trypsin activity from gut of Aedes aegypti fourth instar larvae
by the α,β-unsaturated δ-lactones. The dots correspond to the mean of three
experiments ± SD.
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similarly to the chemical structure of mosquito oviposition phero-
mone (Laurence et al., 1985) and thuswe evaluated its possible action
as an oviposition stimulant. The lactones 5b and 5f induced ovi-
position deterrence response from gravid female mosquitoes. Thus,
these compounds could be used to inhibit the deposition of eggs,
especially lactone 5b (Fig. 3).
In 1998, a bioassay evaluated oviposition responses of gravid
Aedes aegypti using synthetic oviposition pheromone of Culex
quinquefasciatus ((5R,6S)-6-acetoxy-5-hexadecanolide) and no ev-
idence of deterrent or attractant oviposition responses was observed
(unpublished data).
4. Conclusion
The data reported here indicate lactones 5a, 5d, 5e and 5f as
promising alternatives to control A. aegypti dissemination by killing
L4 and suggest that the larvicidal mechanism of lactone 5a may
involve the disruption of trypsin-like activity at larval gut while the
larvicidal activity of the other lactones did not involve modula-
tion of this enzyme activity. The lactone 5b can be used as an
oviposition deterrent. From a broader perspective, the lactones could
be of great value in controlling A. aegypti dissemination in the urban
areas.
Acknowledgments
We gratefully acknowledge CNPq (482299/2013-4; 472546/2012-
0), FACEPE (PRONEX APQ-0859-1.06/08; APQ-0981-1.06-08), FACEPE/
PPSUS 2008 APQ-1336-4.00/08 FACEPE (APQ-0137-2.08/12 and BCT-
0421-2.08/12), FACEPE/PPSUS 2013 (APQ-0330-2.08/13), CAPES/
PNPD/FACEPE (APQ-0137-2.08/12; BCT-0421-2.08/12), MCTI
(01200.003711/2011-11) and INCT-INAMI for ﬁnancial support.
G.K.N.S., M.E.S.B.B., J.C.R.F., P.M.G.P., and P.H.M. are also thankful to
CNPq and CAPES for their fellowships. E.V.P. thanks CAPES and FACEPE
for post-doctoral scholarship.
References
Abe, S.J., 1937. Studies on the essential oil of “Masooi” (I). Chem. Soc. Jpn 58, 246–247.
Agra-Neto, A.C., Napoleão, T.H., Pontual, E.V., Santos, N.D.L., Luz, L.A., Oliveira, C.M.F.,
et al., 2014. Effect of Moringa oleifera lectins on survival and enzyme activities
of Aedes aegypti larvae susceptible and resistant to organophosphate. Parasitol.
Res. 113, 175–184.
Aloisi, A., Di Gregorio, S., Stagno, F., Guglielmo, P., Mannino, F., Sormani, M.P., et al.,
2006. Bcr-Abl nuclear entrapment kills human CML cells: ex vivo study on 35
patients with the combination of imatinib mesylate and leptomycin B. Blood 107,
1591–1598.
Amemiya, M., Someno, T., Sawa, R., Naganawa, H., Ishizuka, M., Takeuchi, T., 1994.
Cytostatin, a novel inhibitor of cell-adhesion to components of extracellular-
matrix produced by Streptomyces sp. MJ654-NF4.II. Physicochemical properties
and structure determination. J. Antibiot. 47, 541–544.
Autran, E.S., Neves, L.A., Silva, C.S.B., Câmara, C.A.G., Navarro, D.M.A.F., 2009. Chemical
composition, oviposition deterrent and larvicidal activities against Aedes aegypti of
essential oils from Piper marginatum Jacq. (Piperaceae). Bioresour. Technol. 100,
2284–2288.
Baak-Baak, C.M., Rodriguez-Ramirez, A.D., Garcia-Rejon, J.E., Rios-Delgado, S.,
Torres-Estrada, J.L.J., 2013. Development and laboratory evaluation of chemically-
based baited ovitrap for the monitoring of Aedes aegypti. J. Vector Ecol. 38,
175–181.
Barros, M.E.S.B., Freitas, J.C.R., Oliveira, J.M., Cruz, C.H.B., Silva, P.B.N., Araújo, L.C.C.,
et al., 2014. Synthesis and evaluation of (−)-Massoialactone and analogues as
potential anticancer and anti-inﬂammatory agents. Eur. J. Med. Chem. 76,
291–300.
Bianco, E.M., Pires, L., Santos, G.K.N., Dutra, K.A., Reis, T.N.V., Vasconcelos, E.R.T.P.P.,
et al., 2013. Larvicidal activity of seaweeds from northeastern Brazil and of a
halogenated sesquiterpene against the dengue mosquito (Aedes aegypti). Ind.
Crops Prod. 43, 270–275.
Bonazzi, S., Eidam, O., Guttinguer, S., Wach, J.-I., Zemp, I., Kutaym, U., et al., 2010.
Anguinomycins and derivatives: total syntheses, modeling, and biological
evaluation of the inhibition of nucleocytoplasmic transport. J. Am. Chem. Soc.
132, 1432–1442.
Braga, I.A., Valle, D., 2007. Aedes aegypti: inseticidas, mecanismos de ação e resistência.
Epidemiol. Serv. Saúde. 16, 279–293.
Buck, S.B., Hardouin, C., Ichikawa, S., Soenen, D.R., Gauss, C.M., Hwang, I., et al., 2003.
Fundamental role of the fostriecin unsaturated lactone and implications
for selective protein phosphatase inhibition. J. Am. Chem. Soc. 125, 15694–
15695.
Chandrashekhar, D.P., Satish, V.P., Bipinchandra, K.S., Rahul, B.S., 2011. Bioeﬃcacy
of Plumbago zeylanica (Plumbaginaceae) and Cestrum nocturnum (Solanaceae)
plant extracts against Aedes aegypti (Diptera: Culicide) and non target ﬁsh Poecilia
reticulate. Parasitol. Res. 108, 1253–1263.
Cheng, S.S., Chang, H.T., Chang, S.T., Tsai, K.H., Chen, W.J., 2003. Bioactivity of selected
plant essential oils against the yellow fever mosquito Aedes aegypti larvae.
Bioresour. Technol. 89, 99–102.
Copp, L.J., Krantz, A., Spencer, R.W., 1987. Kinetics andmechanism of human leukocyte
elastase inactivation by ynenol lactones. Biochemistry 26, 169–178.
de Fatima, A., Kohn, L.K., Antonio, M.A., de Carvalho, J.E., Pilli, R.A., 2006. Cytotoxic
activity of (S)-goniothalamin and analogues against human cancer cells. Bioorg.
Med. Chem. 14, 622–631.
Dupont-Rouzeyrol, M.D., Caro, V., Guillaumont, L., Vazeille, M., D’Ortenzio, E., Thiberge,
J.M., et al., 2012. Chikungunya virus and mosquito vector Aedes aegypti in New
Caledonia (South Paciﬁc Region). Vector Borne Zoonotic Dis. 12, 1–6.
Freitas, J.C.R., Palmeira, D.J., Oliveira, R.A., Menezes, P.H., Silva, R.O., 2012.
Differentiation and assignment of vinyl telluride regioisomers by 1H-125Te gHMBC.
Magn. Res. Chem. 50, 481–487.
Goh, S.H., Ee, G.C.L., Chuah, C.H., Wei, C., 1995. Styrylpyrone derivatives from
Goniothalamus dolichocarpus. Aust. J. Chem. 48, 199–205.
Hlubucek, J.R., Robertson, A.V., 1967. (+)-(5S)-δ-Lactone of 5-hydroxy-7-phenylhepta-
2,6-dienoic acid, a natural product from Cryptocarya caloneura (Scheff.)
Kostermans. Aust. J. Chem. 20, 2199–2206.
Kancha, R.K., Von Bubnoff, N., Miething, C., Peschel, C., GÖtze, K.S., Duyster, J., 2008.
Imatinib and leptomycin B are effective in overcoming imatinib-resistance due
to Bcr-Abl ampliﬁcation and clonal evolution but not due to Bcr-Abl kinase
domain mutation. Haematologica 93, 1718–1722.
Kunz, P.A., 1978. Resolution and properties of the proteinases in the larva of the
mosquito, Aedes aegypti. Insect Biochem. 8, 43–51.
Laurence, B.R., Pickett, J.A., 1985. An oviposition attractant pheromone in Culex
quinquefasciatus Say (Diptera: Culicidae). Bull. Entomol. Res. 75, 283–290.
Laurence, B.R., Mori, K., Otsuka, T., Pickett, J.A., Wadhams, L.J., 1985. Absolute
conﬁguration of mosquito oviposition attractant pheromone, 6-acetoxy-5-
hexadecanolide. J. Chem. Ecol. 11, 643–648.
Lima, J.B., da Cunha, M.P., da Silva Júnior, R.C., Galardo, A.K.R., Soares, S.S., Braga, I.A.,
et al., 2003. Resistance of Aedes aegypti to organophosphates in several
municipalities in the state of Rio de Janeiro and Espírito Santo, Brazil. Am. J. Trop.
Med. Hyg. 68, 329–333.
Liu, Z.L., He, Q., Chu, S.S., Wang, C.F., Du, S.S., Deng, Z.W., 2012. Essential oil
composition and larvicidal activity of Saussurea lappa roots against the mosquito
Aedes albopictus (Diptera: Culicidae). Parasitol. Res. 110, 2125–2130.
Mutka, S.C., Yang, W.Q., Dong, S.D., Ward, S.L., Craig, D.A., Timmermans, P.B.M.W.M.,
et al., 2009. Identiﬁcation of nuclear export inhibitors with potent anticancer
activity in vivo. Cancer Res. 69, 510–517.
Napoleão, T.H., Pontual, E.V., Lima, T.A., Santos, N.D.L., Sá, R.A., Coelho, L.C.B.B., et al.,
2012. Effect of Myracrodruon urundeuva leaf lectin on survival and digestive
enzymes of Aedes aegypti larvae. Parasitol. Res. 110, 609–616.
Navarro, D.M.A.F., de Oliveira, P.E.S., Potting, R.P.J., Brito, A.C., Fital, S.J.F., Sant’Ana,
A.E.G., 2003. The potential attractant or repellent effects of different water
types on oviposition in Aedes aegypti L. (Dipt., Culicidae). J. Appl. Entomol. 127,
46–50.
Navarro, D.M.A.F., Silva, P.C.B., Silva, M.F.R., Napoleão, T.H., Paiva, P.M.G., 2014.
Larvicidal activity of plant and algae extracts, essential oils and isolated chemical
constituents against Aedes aegypti. Nat. Prod. J. 3, 2210–3155.
Fig. 3. Oviposition response of Aedes aegypti gravid females to α,β-unsaturated
δ-lactones. The values represent mean percentages (±SD) of the number of eggs laid
in each cup.
40 M.E.S.B. Barros et al./Experimental Parasitology 156 (2015) 37–41
Oliveira, J.M., Freitas, J.C.R., Comasseto, J.V., Menezes, P.H., 2011. Synthesis of
substituted α,β-unsaturated δ-lactones from vinyl tellurides. Tetrahedron 67,
3003–3009.
Paiva, P.M.G., Pontual, E.V., Napoleão, T.H., Coelho, L.C.B.B., 2013. Lectins and Trypsin
Inhibitors from Plants: Biochemical Characteristics and Adverse Effects on Insect
Larvae. Nova Science Publishers Inc., New York.
Perrin, D.D., Armarego, W.L.F., Perrin, D.R., 1980. Puriﬁcation of Laboratory Chemicals,
second ed. Pergamon Press, Oxford.
Pontual, E.V., Napoleão, T.H., Assis, C.R.D., Bezerra, R.S., Xavier, H.S., Navarro, D.M.A.F.,
et al., 2012. Effect of Moringa oleifera ﬂower extract on larval trypsin and
acethylcholinesterase activities in Aedes aegypti. Arch. Insect Biochem. Physiol.
79, 135–152.
Pontual, E.V., Santos, N.D.L., Moura, M.C., Coelho, L.C.B.B., Navarro, D.M.A.F., Napoleão,
T.H., et al., 2014. Trypsin inhibitor from Moringa oleifera ﬂowers interferes with
survival and development of Aedes aegypti larvae and kills bacteria inhabitant
of larvae midgut. Parasitol. Res. 113, 727–733.
Ratnayake, R., Karunaratne, V., Bandara, B.M.R., Kumar, V., MacLeod, J.K., Simmonds,
P., 2001. Two new lactones with mosquito larvicidal activity from three Hortonia
species. J. Nat. Prod. 64, 376–378.
Rose, R.I., 2001. Pesticides and public health: integrated methods of mosquito
management. Emerg. Infect. Dis. 7, 17–23.
Santos, G.K.N., Dutra, K.A., Barros, R.A., da Câmara, C.A.G., Lira, D.D., Gusmão, N.B.,
et al., 2012. Essential oils from Alpinia purpurata (Zingiberaceae): chemical
composition, oviposition deterrence, larvicidal and antibacterial activity. Ind.
Crops Prod. 40, 254–260.
Siedle, B., Cisielski, S., Murillo, R., Löserc, B., Castro, V., Klaas, C.A., et al., 2002.
Sesquiterpene lactones as inhibitors of human neutrophil elastase. Bioorg. Med.
Chem. 10, 2855–2861.
Suaya, J.A., Shepard, D.S., Chang, M.-S., Caram, M., Hoyer, S., Socheat, D., et al.,
2007. Cost-effectiveness of annual targeted larviciding campaigns in
Cambodia against the dengue vector Aedes aegypti. Trop. Med. Int. Health 12,
1026–1036.
Tikar, S.-N., Kumar, A., Prasad, G.B., Prakash, S., 2009. Temephos-induced resistance
in Aedes aegypti and its cross-resistance studies to certain insecticides from India.
Parasitol. Res. 105, 57–63.
Tunac, J.B., Graham, B.D., Dobson, W.E., 1983. Antibiotics CL 1565-A,-B and -T
salts useful as antimicrobial and antitumor agents. J. Antibiot. 36, 1595–
1600.
World Health Organization, 1981. Instructions for determining the susceptibility or
resistance of mosquito larvae to insecticides. WHO/VBC/81.807, pp. 1–6.
World Health Organization, 2012. Global Strategy for Dengue Prevention and Control
2012–2020. WHO, Geneva.
41M.E.S.B. Barros et al./Experimental Parasitology 156 (2015) 37–41
